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Overview
Session Plan Session Duration Materials
type (minutes)

Session 1:
Emission sources and greenhouse Lecture 10 Slides 2-3
gases
CO; emissions and approaches in Lecture 20 Slides 4-7
calculation
IPCC Reference approach Lecture 45 Slides 8-13
Approach "by emission sources" Lecture 45 Slides 14-19
Emissions from mobile sources Lecture 30 Slides 20-24
Emissions from burning biomass Lecture 20 Slides 25-26
Emissions from coal sector Lecture 30 Slides 27-30
Emissions from oil gas sector Lecture 30 Slides 31 —33
Example of GHG emissions calculation Group 90 Example
for Ukraine Exercise
Session 2: Inventory of GHG emissions Lecture 60 16 Slides
in USA
Session 3: Inventory of GHG Lecture 15 18 Slides
emissions in Ukraine
Session 4: Emissions from the power Lecture 30 27 Slides
sector of Ukraine
Session 5: Inventory of the GHG Lecture 45 15 Slides

emissions from the coal sector of
Ukraine
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Background

Module 4 presents the methodology to calculate greenhouse gas (GHG) emissions,
including those of carbon dioxide (CO), methane (CHy), nitrous oxide (N2O), which
occur from the energy sector. Fossil fuel and biomass combustion and the oil and
gas sector are viewed as major emission sources.

Participants

Module 4 in intended for experts in global climate change dealing with greenhouse
gas emissions inventory. Participants from regulatory authorities, research and
development institutions, educational establishments will also benefit.

Objectives

This module aims to impart an understanding of the inventory of GHG emissions from
the energy sector. It is expected that the participants will also get familiar with the
IPCC Inventory Guidelines.

Module Basics (Streamlined Version)

« Duration: 2 days
. Participants: 20-30
. Venue: Kiev

« Facilities (recommended): The module can be presented in any
comfortable training facility. Adequate space for plenary presentations
should be made available.

« Format: Workshop; first day includes one session and a practical exercise;
the second day consists of four sessions; each day is concluded with a
discussion session.

« Instructors: 2 or 3 Ukrainian experts and 1 international expert

. Audio/Visual Needs: Overhead projector, overhead monitor, whiteboard

. Contacts: Natalya Parasyuk of CCl ; Alexei Sankovskiy, ICF Consulting,
1850 K-street, NW, Washington, DC 20006, tel. 202-862-1137, fax. 202-
862-1144, e-mail: asankovski@icfconsulting.com.

Reading and Resources: Citations for a number of key reports are included for
further reference on the subject of inventory of GHG emissions.

Participant Materials: This material consists of a series of handouts. Only one
copy of each of the handouts is included in the workshop package. Copies of
the handouts should be made prior to the workshop. The presenter may wish to

Climate Change Initiative
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ask someone to help distribute handouts to save time. Presenters are
encouraged to make certain that enough copies of the handouts have been
prepared, and to arrange the handouts so that they can be distributed with ease
during the workshop.

Overhead transparencies: OHTs for selected sessions are included at the end
of this training package. Each of these OHTs is numbered consecutively and
has titles based on their content. The organizer of future offerings of Module
Four should include the up-to-date presentations of other countries' experience
to make the Module meet demands of the region.

Evaluation Process

Module Four should be evaluated in order to improve the workshop package for more
effective subsequent use. The evaluation can be conducted using a simple
questionnaire, which can be found at the end of this package. At the close of the
second day, the organizer should ask the participants to take five to ten minutes to
complete the evaluation form. Participants should be asked to put down their names
on the forms.

Agenda

Below is the recommended agenda for Module 4.

Climate Change Initiative
6
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Suggested Agenda

Inventory of GHG Emissions for "Energy” Sector

Day 1: Basic methods of GHG emissions inventory

9.00-9.30
9.30-9.50
9.50 - 10.20
10.20 - 10.30
10.30 - 11.00
11.00 - 11.15
11.15-12.00
12.00 - 12.30
12.30 - 13.30
13.30 - 14.00
14.00 - 14.15
14.15-15.00
15.00 - 15.50
15.50 - 16.20
16.20 - 17.50
17.50 - 18.00

Registration of participants
Opening remarks

Emission sources and greenhouse gases
CO; emissions and approaches to their calculation
Discussion

Reference approach of IPCC
Discussion

Approach by emission sources
Discussion

Lunch

Emissions from mobile sources
Discussion

Emissions from biomass burning

GHG emissions in coal industry
GHG emissions in oil and gas industry
Discussion

Group practical training

Calculation of GHG emissions on the example of Ukraine

Summary of Day 1

Day 2: Experience in GHG emissions inventory

9.00-9.30
9.30 -10.30
10.30 - 11.00
11.00 - 11.45
11.45-12.15
12.15-12.45
12.45-13.30
13.30 — 14.30
14.30 — 14.45

Review of the Day

Inventory of GHG emissions in USA: best practice
Discussion

GHG Inventory in Ukraine;

Emissions from the power sector

Discussion

Break

GHG inventory in the coal sector of Ukraine

Panel Discussion

Summary of the Training

Climate Change Initiative
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Day 1

Session 1: Inventory methods for GHG emissions from
"Energy" sector

Section 1: Emission sources and greenhouse gases

Section comments:

GHG emission calculation method has two components:
. Calculating emissions from fuel combustion
. Calculating methane emissions from fossil fuel handling activities.

Each component is rather independent, with separate worksheets for data input and
calculation procedures. Results of the two are merged at the final stage of inventory
preparation when the summary tables for all gases in the country are prepared. This
detail may be used to plan the inventory work: for example, the fuel combustion
emissions may be calculated first (which in Ukraine account for approximately 98% of
CO; emissions and 80% of total emissions in CO; equivalent in), and the methane
emissions second.

Calculating emissions from fuel combustion

This component in its turn contains two parts:

1) CO, emissions (sections 1.2A and 1.2B discuss calculation approaches)
2) Non-CO,, GHG emissions (section 1.3)

CO; emissions in energy sector are many times higher than those of other gases,
therefore, section 1.3 provides only an estimate, which is basically the multiplication
of fuel consumption data and appropriate emission factors.

Calculating methane emissions

This component also has two parts:

1) methane emissions from coal production and processing (section 1.5)
2) methane emissions from oil and gas related activities (section 1.6).

This accounts for both regular and emergency emissions, as well as those from
equipment repair and maintenance.

Both components are equally important as for the total emissions. The absence of
interdependence enables to plan consecutive calculations and measurements.

Climate Change Initiative
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Section 2: CO, emissions and approaches in calculation

Section comments:

CO; emissions from fuel combustion is dominating GHG source in Ukraine, therefore
it has to be considered in the most detail. Pursuant to international methodologies
two approaches are suggested:

1) Calculating emissions on the basis of fuel combustion cumulative data on different
fuel types - the Reference approach.

2) Calculating emissions by sources, which discusses fuel combustion in different
sectors of economy (bottom-up approach).

In the case of Ukraine, it is recommended to address the following sectors:

e Power sector in its narrow sense of electric and heat energy production and supply

e Production of electric and heat energy by enterprises not belonging to the power
sector

e Transportation: cars, aircraft, water transport, railroad and pipelines
¢ Residential sector, including the district heating and private housing

e Other sectors (depending on the regional economy structure).

Section 2: IPCC Reference approach

Section 3: Approach by emission sources

Sections 2 and 3 comments: The IPCC Reference approach is undoubtedly less
complicated and requires less data than the approach by sources. The national data,
available at State Committee for Statistics or Ministry of Fuel and Energy may suffice
for the reference approach, while a separate data collection across the economy
sectors might be necessary for the approach by emission sources. On the other
hand, only the bottom-up approach can provide for the appropriate level of
international joint projects (joint implementation) or participation in the emissions
trading in any way.

In spite of the drawbacks of the reference approach, it must be used to give a full
picture of total fuel burnt (the 'by sources" approach will not enable to take into
account small consumers). The figure in the result of the bottom-up approach will
always be somewhat smaller than the total volume of the fuel consumed. This is true
for all countries, those possessing an excellent reporting system including.

Climate Change Initiative
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Consequently, both approaches have to be used - one to have a general idea and
the other one - for more details and planning GHG reduction measures.

Therefore it is recommended first to make a general estimate using the Reference
approach and then calculate emissions by sources.

Section 4: Emissions from mobile sources
Section 5: Emissions from burning biomass

Section 6: GHG emissions in coal sector

Section comments:

Methane emissions in the coal sector occur at the stages of coal production,
enrichment, transportation, and use. Methane is contained in coal layers. The deeper
the mining beds are located, the higher is the pressure and the temperature, which
defines the amount of methane stored during coalification. The amount of methane
formed is also affected by gas flow capacities of the coal layers, which depends on
the natural features of the rocks. There also exists a zone of natural ventilation (200-
300 meters in average), within which methane is being released through natural
wrecks. According to IPCC methodology the coal-bed methane emissions are
calculated on the bases of the coal production and processing volume and its
methane content. As a rule, the methane emissions from underground mining are
greater than from the surface mining because of the extraction depth.

Section 7: GHG emissions from oil and gas sector

Section comments:

Methane emissions in the oil and gas sector occur from extraction, refining,
transportation and consumption of oil, natural and fugitive gas, as well as from their
combustion for energy production. It does not include emissions from the combustion
of oil, gas, mineral oil and processed gas for businesses’ own needs during oil and
gas transportation. Such emissions are considered as those related to the useful fuel
combustion; methods of their estimation are given in the previous sections of this
module. This section covers emissions caused by burning of natural and fugitive gas
in torches. Emissions from oil and gas systems include:

e Technological emissions, e.g. those connected with gas system expulsion,
burning gas in torches during oil and gas production; regular releases or emissions
through ventilation valves;

e Emissions from repairs and maintenance;

e Emissions from accidents.

Climate Change Initiative
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Inventory Methods for
GHG Emissions from the
Energy Sector

Session 1

Z 2 Emissions sources from

cuvaTE  “Energy” sector

I. FUEL COMBUSTOIN ACTIVITIES

— Heat and electric energy production

— industry

— transportation: auto, air, water, railroad, pipeline
— commercial/institutional

—  residential

— agriculture/forestry

— other sectors

— biomass burned for energy production
II. FUGITIVE EMISSIONS
— coal mining

— oil and gas sector

Energy

Climate Change Initiative
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Direct GHG:
¢ carbon dioxide - CO,,
» methane - CH,,

* nitrous oxide - N,O

Indirect GHG:
* oxides of nitrogen (NO_)

* non-methane volatile organic compounds (NMVOC)

* carbon monoxide (CO)

Energy 3
IHILIATHBA
) Carbon Dioxide Emissions
CLIMATE

» When fuels are burned, most carbon in the fuel 1s emitted as CO
2 immediately during the combustion process.

* Some carbon 18 released as CO, CH 4 or non-methane
hydrocarbons which oxidise to CO 2 in the atmosphere within a
certain period of time.,

» Some of the carbon remains unburned or partially oxidised as
soot or ash (due to inefficiencies in the combustion process).

» Daifferent fuel types have different carbon content per unit of
useful energy:

Coal has the most carbon per unit of useful energy
01l has about 80% the carbon of coal

—  Natural Gas has about 55% the carbon of coal

Energy 4

Climate Change Initiative
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2 e Calculating CO, emissions
from fossil fuel combustion

Actual CO, released across all fossil fuel types 1s calculated
according to the following formula:

CO,=[(C,- C) x C,] x 44/12

whare:
C, = potential carbon releases
C,= sequestered (stored) carbon
C,= % of oxidized carbon

44/12 — molecular to atomic ratio of carbon in carbon dioxide

Energy 5

HILABY - Two approaches to

cuivaTE  calculate CO, emissions

1. The IPCC Reference Approach or “Detailed
Fuels Approach” or “Top-Down” Method.

Requires Information Only on the Quantities of Fuels
Produced Indigenously, and Those Flowing Into and
Out of the Country through Imports or Exports.

2. “Detailed Technology-Based Calculation” or

“Bottom-Up” Method.

Requires a Substantial Amount of Information about
National Energy Consumption Patterns in Each Sector
of a Nation’s Economy.

Energy al

Climate Change Initiative
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Liquid fossil fuel
» Pnmary: crude oil, gas condensate

» Secondary: petroleum, kerosene, diesel fuel, mazuit,
Hquefied gas, bitumen, hibricants, petroleum coke, other
liguefied oil prochicts

Solid fossil fuel

» Prmary: anthracite, coking coal, bituminous, lignite,
peat

» Secondary: coke, briquettes

Gaseous fossil fuel
» Primary: ratural gas

Energy 7
IHILIATHBA
5 IPCC Reference Approach
wCLIMATE

Carbon accounting 18 based mainly on the total supply of
primary fuels and the net quantities of secondary fuels
brought into a country.

Step 1: Estimating consumption of fuels by fuel type
(AP):
(AP)=P+I-E-IB-SC,
where P =production

I =imports

E = exports

IB = international bunkers

8C = stock change
(A Stock Build is Positive; A Stock Drawn is Negative)

Fuel consumption may be measured in tons of oil or coal
equivalent, terra calories, terra joules, or other standard umts.

Energy 8

Climate Change Initiative
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Step 2: Convert the consumption data in original

units into a conumon energy unit Conversion factors are
based on the heat content of each fuel
+  For example:
— 10% tons of oil equivalent = 4.1868 * 104 TT
— 1 tera calorie = 4,1868 TJ
- 1 TI=10!27
*  Other metric energy units:
= 1 exa joule (3/Tx) =10% TJ
— 1 peta joule (II/Tx) = 10° TJ
— 1 giga joule (T/x) =103 TJ
— 1 mega joule (M/Tx) = 10-¢ TT
= 1 kilo joule = (K/x) = 10-° TT

Energy 9
IHILIATHBA
&5 IPCC Reference Approach
wCLIMATE (cont.)

Step 3: Selecting carbon emission factors for each fuel
product type and estimating the total carbon content of
the fuels

Total carbon content (C))

C Gg =X apparent energy consumption (by fuel type in TJ) *
carbon emigsion factor (by fuel type in tons of C per TJ) * 103

Energy 10

Climate Change Initiative
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Step 4:Estimating the Amount of Carbon Stored in
Products for Long Periods of Time (example: plastics,
nylon)

General formula 1s :

Total Carbon Stored (Gg C) = Non-Energy Use (10° t) x
Conversion Factor (TJ/10? t) x Emission Factor (t C/TJ) x
Fraction Carbon Stored x 10°

Where Non-Energy stses of coministible incliude: Naphthe, Libricants, Bitsrnen,
Coual Oils'Tars, Gus as Feedstock, Gas'Diesel Oil as Feedstock, LPG as Feedstock

Energy 11
IHILIATHBA
5 IPCC Reference Approach
w CLIMATE (cont.)

Step 5: Accounting for Carbon Not Oxidised During
Combustion

Carbon oxidized during combustion = (C, - C)* C,
The Assumption for the Fraction of Carbon Oxidised is:

- Coal =91- 98 %

- 0il and Oil Products = 99 %

- Gag =99.5 %

- Peat tor Power Generation = 99 %

Apply to Each Fuel Type and Sum Up for Total Carbon Emisgions

Energy 12
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Step 6: Converting Emissions as Carbon to Full
Molecular Weight of CO 2

Total Carbon Dioxide Emitted from Fuel Combustion = Total
Carbon Emissions (from Step 3) x the Molecular Weight
Ratio of CO 2 to C (44/12)

* International bunkers Emissions are Calculated Separately
with the use of the same Calculation Methodology and
Excluded from National Totals

Energy 13

PR PDetailed technology-based

Fanh
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cLivate  approach

» GHG emissions are assessed according to economic sector
and/or type of technology used.

» Approach 1s conceptually similar to the Reference
Approach.

» Countries should also apply the Reference Approach and
attempt to compare the results.

» Method is applied for calculating CO2 and other GHG
emissions from fuel combustion

» Countries are to determine the level of detail they want to
apply to calculations

Energy 14
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Emissions are calculated at least for the following sectors:

* Energy transformation

— heat and electric energy
— oil refineries

» Transportation

» Industry

» Agriculture

* Residential

» Commercial / Institutional

Energy 15
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CLIMATE  approach (cont.)
Steps in calculation

» Step 1: Estimate Fuel Consumption by Sector and
Technology Type

» Step 2: Convert to a Common Energy Unit

» Step 3: Multiply by Appropriate Carbon Emission Factors
to Compute Potential Emissions

» Step 4: Estimate the Amount of Carbon Stored in Products
for Long Period of Time

» Step 5: Adjust for Unoxidised Carbon

» Step 6: Convert Emigsions ag Carbon to Full Molecular
Weight of CO 2

Energy il

Climate Change Initiative
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(L IMATE  approach (cont.)

Carbon Emissions = Fuel Consumption (actual rather than
apparent) Expressed in Energy Units (TJ) x Carbon Emission
Factor - Carbon Stored x Fraction Oxidised

Calculation of other GHG emissions from stationary sources:

Emissions = Z(EF , _x Activity ),

where: EF = emission factor (kg/TJ),
Activity - energy input (TT),
a - fuel type,
b - sector activity,

¢ - technology type.

Energy 17

HIIATHBA

p Detailed technology-based

Non-CO, emissions from stationary sources
include:

o 2 Direct GHGs: CH4and N2 O

* 3 Indirect GHGs: NO x, CO and NMVOCs

Energy 18
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C'I.ii.l.!l&!.‘ll!ﬂ Detailed technology-based

estimate non-CO, emissions)

1. Determine Source and Form of Energy Activity Data
- best available sub-national, national and/or international data
2. Develop Emission Factor Data

- default values in Reference Manual are in need of improvement

- based on fuel type, technology, operating conditions,
maintenance and vintage of technology

3. Identify the Technology Splits for Energy Data

- according to main technology type and the extent of pollution
control

Energy 19

IHITATUBA . .
c‘! GHG emissions from
wCLIMATE  muobile sources

+ CO, emissions from mobile sources are calculated
together with the other economy sectors

* Non-Co, emissions are due to incomplete
combustion and other GHGs post-combustion
controls

 Estimation of mobile sources emissions requires

consideration of many parameters, including fuel
type, vehicle type, pollution control equipment type.

Energy 20
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Nz IMATE  SOUrCes: parameters to determine
emission factors

¢ Transport class: road, non-road

» Fuel consumed: gasoline, diesel, natural gas,
liguefied gas, methol/ethanol

 Pollution control: Advanced 3-way and early 3-
way, oxidation catalyst, moderate control, no
control

» Vehicle type: cars, light vehicles, heavy-duty
vehicles, motorcycles, ships/boats, locomotives,
farm equipment, aircraft, etc.

Energy 21
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CLIMATE — sources (cont.)

*  Basic calculation:

Emissions = (EF , * FC, ),
where,
EF - emission factor
FC - amount of energy consumed or distance traveled
a - fuel type (e.g. diesel, gas)
b - vehicle type (e.g. cars, HDV)
- Emission control
Fnergy 23
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G.. GHG emissions from mobile
CHMALE sources: steps to follow

Step 1a: Determine amount of energy consumed (by fuel type
and transport modes)

Step 1b: If distance traveled is activity measure, determine

average distance traveled for each vehicle and fuel type

Step 2: Multiply amount of energy consumed, or distance
traveled by each category of vehicle, by corresponding

emission factor.

Step 3: Sum acrosg all fuel categories and technology types

Energy 23

sources: challenges and
limitations

_'E

LIMATE

cum;;},mﬂ GHG emissions from mobile
.I
L

* Emission Factors Rely Heavily on Experience
Measurements in Industrialised Countries

« Data on Technology Splits and Level of
Pollution Control is Not Readily Available

* Much of the Relevant Data May Exist, but is
Not Easily Obtained

Energy 24
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wCLIMATE biomass fuel

« Biomass fuel (e.g wood, charcoal, bagasse) are
used in variety applications, including residential,
commercial and industrial

+ Biomass combustion results in emission of all
greenhouse gases

+ Net CO, emission at “renewable” use is treated as
ZeT0

» CO, emission for land-use change are accounted
in “Land-Use Change and Forestry” section

Energy 25
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f;-.! GHG emissions from burning

Two steps of calculation:
Step 1

— carbon released from biomass = total biomass consumed # fraction
oxidized * carbon fraction

— carbon released from charcoal production = (fuelwood used in
charcoal production * fraction of tuelwood) - (charcoal produced *
carbon fraction of charcoal)

Step 2
— Non-CO, emissions = carbon released * emission ratio * molecular
weight ratio (R)
— R=CH,:16/12, N,O : 44/28, NO, : 46/14, CO : 28/12

Energy 26
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oy from coal minine and

CEHWW Fugitive emissions (leaks)
fan
LIMATE

& handling activities

+ Fugitive emissions of methane (CH,) occur from
production, processing, handling and utilization of

coal

— emission level depends on coal rank and depth, gas
content, mining method, etc.
+ Other fugitive emissions include CO, from
burning coal mines and waste piles and from SO,

scrubbing
Energy 7

anh
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PULAES  Fugitive emissions from coal
‘“_," -
cLiMaTE  production

Calculation levels:

Level 1: use of average common emission factors

Level 2: use of average emission factors for a
country or a mining area

Level 3: individual calculation for mines or mine
sections

Energy 28
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» Major sources include underground mining, surface mining,

processing, transportation and handling

» Methane emissions (Gg CH,) = emission factor (m* CH, / ton) *
coal production (tons) * conversion factor (Gg / 10° %) -
methane captured (Gg)

» Emission factors reduce by activities: underground mining,
surface mining, post-mining activities

» Conversion factor under 20°C and 1 atmosphere 15 0.67 Gg /
10°m* CH,)

Energy 29

HiwatBs - CO 2 Emissions from

‘-‘; L] L]

S IMATE Burning Coal Deposits
| and Waste Piles

The General Formula for Calculating is:

Emigsions from Coal Burning (Gg C) = Quantity of Coal Burned
(103t) x Emission Factor

Where: Emmssion Factor 1s:

Percentage of Carbon in Coal x Percentage of Carbon Oxidised;
(and the default value is 50%)

CH,, N,O, CO and NO_ are among other GHG Emissions from
Combustion of Coal Waste

Care should be taken to avoid double counting (in this section
and “fuel combustion” section).

Energy 30
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msmis, Vlethane emissions from oil
2%  and natural gas production,
o CLIMATE Erocessmg, transportation and
andling

* Emissions from oil and gas sector include:
— from regular system operation
— from burning in torches and fugitive emissions
— from repair and maintenance
— emergency emissions

» Major activities resulting in emissions include:
— oil and gas recovery
— o1l transportation
— natural gas storage and processing
— natural gas transportation and distribution

Energy 3l

5 and natural gas production,
CLIMATE processing, transportation

and handling

Calculation levels:

cu;_m;x‘;},m;\,} Methane emissions from oil

Level 1: use of average emission factors and aggregated
statistical data on production, transportation and
consumption

Level 2: o1l and gas balance and emission factor
calculation

Level 3: Use of local emigsion factors and calculation by
segments of o1l and gas industry

Energy 32
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.,_Lf“!lf"']‘“”" Methane emissions from oil
| . and natural gas production,
processmg and transportation

+ Level 1 calculation methodology

— Data required: oil and gas production, oil refinery and
transportation, gas processing, transportation and
distribution in peta joules, PT=10'° J (A)

— emission factor (EF, kg CH,/PI) (F)

— Emigsions=A *F

— Emissiong are summed across categories

+ Emission factors are calculated for 5 regions: USA
and Canada, former USSR countries and Eastern
Europe, Western Europe, o1l producing countries, the

rest of the world o 7

an
wumy

[HILIATHBA .
c S «Good practice” for GHG
CLIMATE inventory
+ According to the recent IPCC recommendations, a
good GHG inventory:
— uses detailed methods and data
— includes emissions calculations up to the recent years
— provides an estimate of calculation inaccuracy
— provides detailed description of data and methods used
— 18 based on detailed calculation quality verification

Energy 34
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Day 1
Session: Basic methods of GHG emissions inventory

Calculation of GHG emissions on the example of Ukraine: group practical
training

The practical exercise has to base on the regional specific fuel details.

Example of the potential assignment is available in Ukrainian language.

PULRIIE GHG emissions calculation

‘S%‘IL]MATE for Ukraine, 1990
Y (example and practical tasks)

« The aim of the practical tasks 1s to estimate

emissions from the “energy” section with
the help of IPCC worksheets (Guidelines,

volume 2)

Energy 35
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Day 2
Experience in preparing greenhouse gas inventory

The second day presentations contain information on the experience in preparing
GHG inventory in Ukraine and abroad (mainly USA). This information has to be
regularly updated. Examples of four courses mentioned below are available in
Ukrainian with Session 5 available in English as well.

Session 2: Inventory of GHG emissions in USA

Session 3: Inventory of GHG emissions in Ukraine
Session 4: Inventory of GHG emissions in the power sector of Ukraine

Session 5: Inventory of GHG emissions in the coal sector of Ukraine

Climate Change Initiative
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wEwy
CLIMATE

Process for Preparing
Inventory of U.S.A.
Greenhouse Gas Emissions

inventory of Greenhouse Gas Emissions
in the Energy Sector
Session 2

IHILHATHBA
) Presentation Overview
CLIMATE

e Gases and sources included

» Administrative structure for preparing
U.S.A. greenhouse gas inventory

« Data management structure for U.S.
greenhouse gas inventory

» Methodological approach
« Data Sources

« Estimating emissions from fossil fuel
consumption US Experience

Climate Change Initiative
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HILIATHBA

{;.g} - Gases and Sources Included
CLIMATE
» Emissions in the USA are estimated for the following
gases:
- CO,
- N,O
- CH;,
- HFCs
- PFCs

— SF;, as well as CO, buildup
» Carbon uptake from land use change and forestry

US Experience
[HIHIATHBA
,.;;.‘! Gases and Sources
'l?tfll'
w CLIMATE Included (cont.)

+ GHG emissions sources estimated include:
— power sector
— industrial processes
— solvents
— agriculture
— wastes
- land use change and forestry

U3 Experience

Climate Change Initiative
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.43-_‘ U.S.A Administrative Structure for

o CLIMATE GHG Inventory - Overview

AN PNITEATIVE

UNFCCC Communication

T

e o7 R Ahe A
Forecarting

1S, Ebe rgy IDIMaton Adm | rEtor u- E-ermrlmrrnano- Adm it i e
Omce: of Exe gy Markets 2nd End Uge ~ . Ome oronad Gar - [ 9'ixmo.Conl Puckep: Elchicam. - .

US Experience

HIIATHBA  Sample Data Management for GHG

Nant

e Estimates of Emissions from Energy

CLIMATE and Agriculture

Da@ Pregeniaton v Da@ Presenigton v | | Dbl Prezeviaton
Comman Reportig '
- Fomat
Hitrou s Seldw from
L
Sammary Tabk: of Sammany Tabk ot Sammany Tabk ot Simmary Tabk of Sammany Tabk ot Swmmary Tabk of
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i 1

Aty
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I

Actuhy
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U3 Experience
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HILIATHEA
@;‘:‘f _ Methodological Approach

CLIMATE

« Activity data * Emission factor = Emissions
« IPCC *“Good Practice™ guidance used
« Use all three tiers of [IPCC methodologies

* Bottom-up and top-down approach used in
conjunction

« Data presented in common reporting format

« Formal quality control and quality

assurance proccss
US Experience

HILIATHBA

Fann

sEsr Data Sources
CLIMATE

 Power sector

— Department of Energy, Energy Information
Administration

— Department of Transportation

— Mine Safety and Health Administration
— American Gas Association

— American Petroleum Institute

U3 Experience

Climate Change Initiative
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cl,l.mum.‘ms.=s Data Sources
N CLIMATE (continued)

» Agriculture

— U.S. Department of Agriculture
» Solvents

— U.S. Environmental Protection Agency
« Wastes

— U.S. Environmental Protection Agency

« Land use and forestry
— U.8. Forest Service

US Experience 9

£5)
¥, ¥

zinvate  Fossil Fuel Consumption

- More than 80 percent of U.S. A greenhouse gas
emissions are from fossil fuel consumption

— Transport = 33%

— Industrial = 32%

— Residential = 19 %

— Commercial = 16 %

— Electricity-related emssions (37% of total) are
distributed across end use sectors

cyil.lle’x'!;}i.!#} Estimating Emissions From
‘\

» Emissions reduced by:
— non-fuel use

— 1nternational bunker fuels
U3 Experience 10

Climate Change Initiative
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IHIHTATUBA - . - .
,:_;-‘! Estimating Emissions from

ey

wCLIMATE  Fossil Fuels: Data Collection

+ Coal consumption from electric utilities
— All utihties report consumption to Energy Information
Admimstration (EIA)
+ Petroleum products supplied
— All refinenies (153) report totals of 20 separate
petroleum products supplied to EIA
« Natural gas supplied

— All producers and suppliers are required to report to
EIA

— About 7% of gas consumption “missing”
US Experience 11

IHIIATYDA S ‘ol .
s Estimating Emissions from Fossil

ey

2 CLIMATE  Fuels: Data Collection (cont.)

* Industrial energy consumption

— Estimated from sample survey of 22,000 of
239,000 enterprises conducted by EIA

— Survey conducted every four years

« Residential energy consumption

— Estimated from sample survey of 7,000 of 100
million U.5. A homes

— Survey conducted every 3 years

U3 Experience 12

Climate Change Initiative
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CLIMATE

G;'i.”” “H USA Inventory Preparation
CLIMATE Schedule

Draft estimate of emissions - 15/9/01
Experts review - 30/10/01

Public review begins - 30/11/01
Submission to UNFCCC - 15/4/02

US Experience 13

AP

l -I

s Summary
C LIMATE

« UNFCCC Inventory Review Team
described U.S. A inventory as “state-of-the-

art’ E

* Final USA Inventory
www.epa. gov/globalwarming/emissions/nat
ional

U3 Experience 14

Climate Change Initiative
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IHIIATHBA
Fank

RSy : Contact Information
CLIMATE

Michael Mondshine

Program Manager

Climate Change Services

Science Applications International Corp.
Michael. R Mondshine(@saic.com
Tel. 703 676-4835

US Experience 15

Climate Change Initiative
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Day 2

Experience in preparing greenhouse gas inventory

Session 3: Inventory of GHG emissions in Ukraine

[HILIATHBA

Lo o
l'-:‘=t

=y
lCil

LIMATE
Inventory of GHG emissions in
the coal sector of Ukraine

Inventory of GHG emissions from energy sector
Session 5

Climate Change Initiative
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et US EPA CBM Outreach

ey

n CLIMATE Program in Ukraine:

Henonunrtens: TTapTHephl o IxoHomudeckol Pedopme

Implementor (grantee):  Partners in Economic Reform, Inc.

VipaHHCKHe TapTHEPEI:
+ MHHHCTEPCTBO SKOJIOTHH H NPHPOIHLIX PECYPCOR
+ IlenTp anbTepHATHRHBLIX BHAOR TOTUTHBA

Ukrainian Partners:
+  Ministry of ecology and natural resources

»  Alternative Fuels Center

P IIATIRY US EPA CBM Outreach

i= =‘
iy

CLIMATE Program in Ukraine:

HANGE FNITVEATIVE

I'1aBHast Ledb PorpaMMebl:

Main objective:

Crnoco0cTBOBATE OCBOEHHIO PECYPCOR METAHA YTOJEHBIX
MECTOPOXACHHH B YKpaHHe

Facilitate Ulrainian coal bed methane resources explovation
through:

AKOIOTHUCCKAA OIICHKA BITHAHHA BLIﬁpOCOB MCTaHa H3
YTOJBHBIX HIAXT

environmental assessment of coal mine methane emissions

HHq)OpMaU,HOHHaH noaacpKa HHECCTHIHHOHHBIX IPOCKTOB
information support of CBM/CMM projects

Climate Change Initiative
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CLIMATE

Lol US EPA CBM OQOutreach

fant
b : . .
CLIMATE Program in Ukraine:
PadoThl B pAMKAX NPOrPAMMEI: Program Activities:

¥» HupeHTapH3aIHA HSMHCCHI MAXTHOTO MeTaHA B YKpaHHe
¥ CAM emissions inventory for Ukraing

¥ TIybnukaids cCNpapovHHKA O TAZ0BbIX MAXTaX YKpaHHbL, Hanbomee
NPHEIEKATeIbHBIX JUTS HHEECTHITHOHHBIX MeTAHOBBIX MPOEKT OB

¥ Development of the handbook about Ukrainian mines most attractive for CAM
projects development

¥ Ilonroroeka OH3HEC-INIAHOE UL MPOEKTOR MO pazpaboTKe H YTHIH3AHHA
MeTaHa Ha maxrax Joubacca

hil

Devalopment of business plans jor two minas

Y

PaCHpCICTpaHEHPIe ITHX JOEYMEHTOR AT IIPHEJCICHHAA NIOTCHIHAIIBHEIX
HHOCTPAHHBIX HHECCTOPOE K PCAJIHIAIIHH METAHOBLRIX IIPOCKT OB

¥ Dissemination of these materials among potential investors

iwares - Ukrainian Inventory of coal

BIRREE AN BT BT A TY

pusd 1 mine methane emissions
e (1990-1999):

# US EPA BbiAe/mno rpaHT Jiid [poBeJeHIA HHECHTAPIT3AIIAM METAHA HA VP OBHE

OTHeNBHBLX IIAXT 110 BeeH YKparHe 3a reprod 1990 - 1999 r. 310 nepead roneImka
HPOEECTH HHE CHTAPH3ALEI0 HSMICCHI Ha YPOEHE OTICIBHBIX TIPS ANIPHATHEL B LEIOM 10
CTpaHe.

US EPA gave a grant to develop a mine-specific CLAL emissions inventory of Ukraine for

1900.1999, This is the first attempt to develop @ site-specific GHG tnventory in Ukraine.

# B rpepylnix KaaacTpax MapHHKOBBIX TA30B ANMMCCHE IIAXTHON0 METAHA Db

[I0ACUHTAHBI HA 0CHOE SHHE METOA0I0THH, peroMetoBatioil PKHE. Obduee
[POM3EOACTEO YOI YMHOMEANOCH HA K050 (DI IMEHTBI SMHUCCHH I COOTBETETEVIOIIX
PECTIOHOE.

Previous Ulrainian inventories accounted for CAMA emizsions based on calculations under

the IPCC guidelines. Le. the tatal emizsions were obtained multiplying the coal
production by basin-specific emissions factors

# B macroaeM Kagactpe bonee §3% JaHHBIX - CTATHCTHUECKHE AAHHbIE,

MNpeAoCTABNICHHBIC IITAXTAMIL.

The current tnventory cansists af moare than 83% actual measurement data

Climate Change Initiative
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mimames - UKrainian Inventory of coal
S ~ mine methane emissions
ML (1990-1999):

Herounnkm JAAHHBIX TIH KaJacTpa IMHCCHH IIAXTHOT 0 METAHA:

Data sources for CMM emissions invesntory

# [enaprameHT YroIBHOM P OMBIIUIEHHO cTH MUHICTEpCTEA TOIUIEBA H SHEPT S THEH
Vepaunsr, — Department af coal industry of the Mirnistry of fuel and energy of Ukraine

# MITIICTEPETEO SKOMOTHH MPHPOIHBIX PECYPEOE YKpPALHEL,
Ministry af ecolagy and natural resaurces of Ukratne

# Tocypapereertnni Konmiter mo oxpane Tpyaa YKpanHeL
State Committee for Labor Safety of Ukraine

Maxeeperrii HITH mo GezonacHo¢TH paboT B ropHoH npompnunesHos e (MaxTIIT);
Muakepevka mine safety institute

*

Ienrp amrepHaBHbX BHIOE Torumsa; Alternative Fuels Center
Vromupie T'ocyaapeTBeHHBIC X0IMHMHI OBbI¢ KomTtaHiet, Coal Assaciations

OTAENbHbIE [IAXThL,  Jidividual mines

* % O

JaHHBIC VEPAHMHCKIX sKenepTos  Ukrainien experts data

iwares - Ukrainian Inventory of coal
£ ~ mine methane emissions
SMALE (1990-1999):

B rapactpe smuccHH maxTHoro Metana (1990 - 1999) accmorpeHnt
clIelyIIHe KATerOpHH MHCCHI B JoHenkoM H JILBoEcKo-BoakiHCKOM
ITOBHBIX dacceHHaxX YEPAHHEL

The following categories of emission sources were considered for Donetsk
and Lviv-Volyn coal basing of Ukraine:

# SMHCCHH MeTaHa MPH MO3eMHOIN Jo0bMe VI,

emissions from underground codl production

# SMHCCHH MeTaHa MpH J00bIMe YIS OTKPBITHIM CIOCODOM;

emissions from surface coal production

# SMHCCHH MeTaHa MPH MOCIeAYIOIEi AesTelbHOCTH;

emisions Jrom postmining activity

# 06beMbI H3BJIEYE€HHOTO H HCIOJL30BAHHOIO MeTaHa,

recoverad and utilized msthane

Climate Change Initiative
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mimames - UKrainian Inventory of coal
S ~ mine methane emissions
ML (1990-1999):

MeTono/I0THS YUeTA YMHCCHH INAXTHOT 0 METAHA:
CAAAL emrizsions inventory methodology:
O 01an yMHCCHA (ToRoBan)=
IMEICCHAl METAHA IPH IOAYeMHOMH K00bIYe YI.1a
+ IMHCCHA MeTAHA NPH JOOBIYE YT/ OTKPBITHIM CILO CODOM
+ IMHCCHA METAHA MPH IO CIEAYIOIEH NeATeIbHO CTH
- 0B eMBI HIEJIEYEHHOT 0 H HCIOJB30BEAHHOTO METAHA.
Total emission =
emissions from underground mining
+emissions from surface mining
+emissions from postmining activity
- recovered and wiilized methane

* B kagacTpe yUTEHBI TOJMBKO SMITCHH METAHA IIPH A00bINe VIV Ha AeHCTBYIOIIX
YTONBHBLX IIAXTAX Y KPaHHb]

Cnly emissions from active mines were considered 2

iwares - Ukrainian Inventory of coal
sans

£ ~ mine methane emissions
GRIMALE (1990-1999):

MerTonoIorHa yUeTa YMHCCHH INAXTHOT 0 METAHA:

#  OnpiccHd METAHA IIPH [I0A3eMEOH Jobbrae yrma: Underground coal production:

CTATHCTHHECKHE JAHHBIC IT0 SMEICCHI] H3 CHCTEM BECHTHIAL H ACSTra3aliid,
IMOIYHCHHBIC OT ITAXT,

actial measurements from degasification and ventilation systems;
#  DMpceHs METaHa IIPH J00BINE VITIA OTEPBITEIM CIIOCODOM:  Surface mining:
o0Ben JoObr yri X KoadidmpieHT snmcerti (o aceeiinant)
caal production X basin-specific emissions factor

#  Onpiccrd MeTaHA IIPH I10 e AYIOLIEH AeATebHOCTH (TPaHCIIOPTHpPOBKA,
0DOraleHHE, MCITO B 30BAHIE VIUIA):  Postining achivity:

00BeM JOOBIH YA X KoaddripieHT SMEic crit (1o baceelian)
coal production X basin-specific emissians factor

#  O0BeMbI H3BTEUSHHOI0 M HEITOTh30BAHHOI0 METAHA:
CTATHCTHHYE CKIE JAHHBIE, [I0IYVUEHHBI¢ OT IIIAXT

actual mine-specific data from the mines

Climate Change Initiative
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muatisa  UKrainian Inventory of coal

s mine methane emissions
CLIMATE (1990-1999):

+ 2300

150+ T 2000
B Coal production

T 1500

Gy

T 1000

Coal production,
M tons
—
=
(]
Meth ane emissions,

A
=
=

—a— Methane emissions

T
=

= — [ o =t L% =] - ) (=
(=% (=) (= (= (=% (=% (= (= =% (=
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Coal production and CMM emissions in UKkraine in 1990-1999.

muatss  UKrainian Inventory of coal
gisy mine methane emissions

ey

CLIMATE (1990-1999):
3a nepuoa 1990 - 1999 r. B Ykpanune:

During 1990-1999 in Ukraine

» moObIua VI COKpaTHIack ¢ 165 MITH.ToHH 10 80 MITH. TOHH
coal production reduced from 165 miilion fonnes to 50 Mt

» KOIMYECTBO IIAXT COKpaTHIOCH ¢ 284 mo 244
mumber of mines reduced from 284 to 244

» HMHCCHHM MeTaHa COKpPaTHITHCE ¢ 2,637.92 Gg mo 1,345.51 Gg
methane emissions reduiced from 2,637 .92 Gg fo 1,345.51 Gg

Climate Change Initiative
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Ukrainian Inventory of coal
mine methane emissions
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HANGE FNITVEATIVE

Ukrainian Inventory of coal
mine methane emissions

(1990-1999):

Xapalcrepmﬂe MOKQAIATENH H Pe3YIbTATHI HHBCHTAPHI AIHH:

Sorne indicators and vesiulty of the inventory:

» B Vipaure 98% snpiceuii IIAXTHOTO METAHA ITPHXOITCHA HA [IOI3EMHYEO JOOBIIY YIIL;

98% of CIA emissions in Ulkraine come from underground mining

¥ OcHoEBHadA 4acTh MeTaHA BeIDpackBaeTed B atmocdepy:

Most of methane is emitted to the atmosphere

*  BpICBODOKCHO B 1999 r. mipr1 riogsenHoH Jobdbrae 1,290.89 Gg

s tatal iberated methane underground 1,290.89 Ggin 1990

= garmupobano B 1999 r. 174.31 Gg (13% ot BbicBob0sKIeHHOTO)
s captured 13% of total iberared methane in 1999

*  yrnrnposaHo B 1999 r. 53.68 Gg (30% o1 kanTupoBaHHOrO)
* utilized 30% of captured methane tn 1999

#  TaHHBIE HHBEHTAPH3ALEH OTIHYAKTCA 0T PAHEE IT0IYYECHHBIX PACYCTHBIM [IYTEM H
OpeACTABNCHHBIX B rpeapravinx HarproHamsHex cooduerax Ha 5 - 8%

Current tnventory results differ from previous National commumcatians by 5-8%

13
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muatss  UKrainian Inventory of coal
§idy mine methane emissions

ey

mCLIMATE (1990-1999):

AN PNITEATIVE

[ Total in Ukraine

1

0 Emissions from
underground mining

O Degasification

W Ttilization

Methane emissions

1990 1999
14
B aonallio Methane recovery and
Wy sge . . .
CLIMATE utilization in Ukraine

HANGE FNITVEATIVE

B HACTOoAIIee EPpeMHd PeATBHO HIAXTHEIH MeTaH HCIIOJ/IBIYETCH

CJIeIVIOIIHM 0Opazo:
Currently there are following examples of CMM utilization in Ukraine:

¥ IllaxTHBIE KOTENLHEBIE - HEPEBO ¢ YIS Ha ras:
Mine hailars - switch from coal to gas
— 8 mwaxt Jonbacca HCOMB3YIOT MeTaH U1 COOCTEeHHBIX HYKA
— 8 Donbass mines wse CMM for self neads
% MotopHO€ TOIITHEO
Motar flal
— 3 arTO3ampaBOYHbIE CTAHI[HH
(mraxra um.3acaapko, HIII Jouyrnenerasamus )

=3 car gas-filling stations
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Suggested Readings

IPCC guidelines on national inventory preparation. Joint IPCC/OECD program .
Volume 1: Reporting instructions for GHG inventory. Volume 2: Workbook of the
GHG inventory .

IPCC (Intergovernmental Panel on Climate Change) (1997), IPCC Guidelines for
National Greenhouse Gas Inventories, 3 volumes: Vol. 1, Reporting Instructions; Vol.
2, Workbook; Vol. 3, Reference Manual. Intergovernmental Panel on Climate
Change, United Nations Environment Programme, Organization for Economic Co-
Operation and Development, International Energy Agency. Paris, France.

Carbon Dioxide Information Analysis Center. Website. http://cdiac.esd.ornl.gov

Marland, G., and Rotty, R. (1984) Carbon dioxide emissions from fossil fuels: a
procedure for estimation and results for 1950-1982. Tellus, 36b, 232-261.

United Nations Framework Convention on Climate
Change.Website.http://www.unfccc.de/
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Evaluation Form

Title of Module: Inventory for GHG emissions from the "Energy"
sector
Date: Module 4

For each statement below, mark the circle on the scale that corresponds to
your opinion.
Evaluation Score

1 2 3 4 5

1. The presentation of the Unclear O 9) O O O Clear
module was
2. The objectives of the Not important O 9] O O O Important

module were

3. The information Not sufficient O 0 O O O Sufficient
presented at the module
was

4. The information Not useful (O 9] O O O Useful
presented at the module
was

5. The knowledge acquired Insignificant O 9 O O O Important
through this module was

6. Participating in this Nothingnew (O 9] O O O Manynew
module enabled you to things
learn

7. The exercises in this Not interesting 9] 9] O O O Interesting

module were

What did you like most about this module?

What did you like least about this module?

What is your opinion on presenters?
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What is your opinion on organization of the module?

On what themes presented in the module would you like to get more
information?

What module themes would be interesting for you in the future?

Comments:

Thank you for filling in the evaluation form.

Climate Change Initiative

48



